SUMMARY: After exposure to phage AT an organism of an indicator strain of Salmonella typhirnurium may burst with phage liberation, may become lysogenic, or may develop into a mixed progeny of lysogenic and phage-sensitive bacteria. By the methods we have used, the proportion of such mixed progenies is about 20% of the number of lysogenic colonies found. Evidence is given to show that members of the clone of phage A1 vary in virulence and that members of the indicator strain 1404 vary also in resistance to lysis. The establishment of lysogenesis depends on the interplay of these two factors when host and parasite meet. The reaction of certain phages of Salmonella typhimurium with their host has been studied by Boyd (1951 b). He regards a phage lysate as being a mixture of two kinds of particle: alpha particles which establish a state of lysogenesis (symbiosis) with an indicator organism, and beta particles which lyse the bacterial cell. Boyd postulates that the symbiotic state is the dominant one and therefore an organism exposed to an alpha particle (or to an alpha plus one or more beta particles) becomes lysogenic. While attempting to confirm these views, a type of colony was observed, infected with phage, and showing a central punctate nibbling. This phenomenon did not seem to arise as a result of the edge of a growing colony impinging on a free phage particle (Pl. 1, figs. 1 and 2). If this type of centrally nibbled colony could be shown to arise from a single cell the inception of lysogenesis in an indicator strain must be more complex than can be accounted for by Boyd's alpha and beta particle hypothesis. Lwoff & Gutmann (1950) who studied Bacillus megaterium, suggested that all the particles of phage in a lysate are alike and that the inception of a state of lysogenesis is due to a phage particle coming into contact with a resistant bacterium; the phage enters the bacterium and develops to the stage of prophage but no further. Neither theory fits our findings. Our results suggest that bacteria exposed to phage can either burst, or become lysogenic or recover from phage infection, according to the virulence of the phage particle and the resistance of the host it encounters.
Induction of lysogene& in S. typhimurium 343 (7) Phage A1 beta lysate. Unless otherwise stated in the text, this was a culture of strain 1404 in Lemco broth which had been inoculated during the eady logarithmic phase of growth, with a plaque from an alpha lysate spread lawn. After 18 hr. at 37" the culture was heated at 59" for 1 hr. and then centrifuged to clear.
RESULTS

Two kinds of nibbled colony
Indicator strain 1404, which had grown for 5 hr. in Lemco broth at 37" to a total count of about 5 x W organisms/ml., was diluted to about 2x108 organisms/ml. in broth; 2ml. samples of this culture were added to 2ml. volumes of phage suspension a t concentrations varying from 2~1 0~ to 1-41 x lo@ particles/ml. After 15 min. at 37" the mixtures were diluted to 1/106 in buffer and 0.2 ml. amounts of the dilution sown on Lemco agar plates and allowed to soak into the agar. The plates were incubated a t 37" for 18 hr.
and the resulting colonies counted. Before the addition of phage a viable count was made of the culture used and the percentage survival rate, after treatment with phage, was calculated. The result of one such experiment is shown in Table 1 . It is seen that as the phage : bacteria ratio increased so did the number of surviving organisms. At the same time there was an increase in the number of colonies showing central nibbling (Pl. 1, fig. 1 ). The number of colonies showing peripheral erosion rose to maximum at a ratio of phage to bacteria of 8 : 1 and fell off at ratios higher than this. 
Single cell methods in tubes
A Lemco broth culture of Sal. typhimurium 1404 at about 5 x 108 organisms/ ml. was diluted in broth to contain approximately 2 x 108 organisms/ml. The bacterial suspension was then added to an equal volume of phage beta lysate of known strength and the mixture left at 37" for 20 min. The mixture was then diluted in broth to give approximately 100 organisms/ml. A final dilution of l / l O O was made in ice coId broth to give approximately 1 organism/ ml.; 0-5 ml. amounts of this dilution were tubed. After incubation overnight a t 87" all the tubes which showed growth were heated for 60 min. in a water bath at 5Q0. With standard dropping pipettes delivering 36 drops/ml. drops were placed on lawns of the indicator strain and, after incubation overnight, a semi-quantitative titre of phage activity was read thus: O=no phage; + =about 100 or slightly more plaques/drop; + + =clear ring surrounding semi-confluent growth; + + + =clear ring surrounding confluent central growth.
Some of the tubes which showed no bacterial growth gave a positive phage titre. This was most probably due to the phage lysing the contained organism or organisms. Titration of such tubes yielded 1-50 plaques/drop. One could thus tell how many tubes contained phage particles.
Normally a lysogenic culture of strain 1404/A1, which has grown for 18 hr. at 3 7 ' in Lemco broth, gives a free phage titre of lo4 particleslml. On the other hand a phage-sensitive organism such as the indicator organism 1404 will give a titre of 108-1010 when grown with a free phage particle, or a lysogenic organism, in the tube. These figures correspond reasonably well to the + and + + + titres noted above. The result of an experiment of this kind is shown in Table 2 . It will be seen that of those tubes which showed a phage increase together with growth of bacteria, 25 of 139 gave a + + + titre of phage. This could be due to one of several causes: (i) free unabsorbed phage in the presence of a non-lysogenic organism; (ii) a phage-infected and a sensitive organism being present in the same tube due to sampling chance; (iii) lysogenic and sensitive organisms growing in the same tube because the daughter cells of a phage-infected bacterium are not all lysogenic; (iv) a large number of cells having been induced to burst. The third suggestion is probably correct for the following reasons : (a) The use of a washed 18 hr. culture instead of a young broth culture of strain 1404 did not alter the ratio of + to + + + titres obtained, thus ruling out the factor of bacterial multiplication during exposure to phage. Variation in phage virulence P h u e size variation. Lawns made by spreading a culture of strain 1404 on agar plates and allowing it to soak into the agar, were spread with0.lml. amounts of dilutions of alpha lysate, and similarly lawns were spread with 0.1 ml. of dilutions of lysates prepared by different methods described below. After overnight incubation at 37" the sizes of the plaques which had developed were measured on a plate microscope with an eyepiece micrometer. The experiments were arranged so that not more than 100 plaques developed on a plate. By this means overcrowding was prevented and measurements were more accurate. The mean plaque size varied from plate to plate even when the same lysate was used. The scatter in results was examined statistically. Table 3 shows that the scatter in plaque size of an alpha lysate was greater than that of a beta lysate, but that the plaque size for both lysates was scattered around a mean in the form of a fairly regular curve. In Table 4 a comparison is given of the scatter in plaque size from alpha and beta lysates prepared in the CCY broth of Gladstone & Fildes and also from an ultraviolet induced lysate. The alpha lysate was a sintered-glass filtrate of a 3 hr. culture of strain 14041A1; the beta lysate was from a culture of 1404 in CCY broth to which had been added one drop of alpha lysate, the mixture being incubated overnight and then sintered-glass filtered. The induced lysate was prepared as follows :
A 3 hr. cultureof strain 1404/Al at a concentration of about lo7 organisms/ml. in CCY broth was pipetted into a Petri dish to a depth of 2 mm. This was exposed to ultraviolet light from a Hanovia lamp a t a distance of 44 cm. for 2 Inin. After a further 9 O m i n . incubation the lysate was filtered through a 5/3 sintered-glass filter. The phage titre was 6.5 x lo6 particleslml. which is over 50 times higher than the titre one would normally find in an unirradiated W. R. Parry and J , Edwards culture. It will be seen from Table 4 that the plaques from an alpha lysate varied markedly in size and more so than those of the beta lysate. The plaque size scatter of an ultraviolet-induced lysate was nearer to that of an alpha lysate than it was to that of a beta lysate. Variation in lysate titres. The alpha and beta lysates used in the experiments detailed in Table 3 were diluted in broth so that, on the average, each 1 ml. of broth dilution contained 1 phage particle; 0.5 ml. amounts of these phage dilutions were tubed and to each tube was then added 2 ml. broth culture of indicator strain at a concentration of 1 0 6 organisms/ml. After overnight incubation all the tubes were heated at 59' to kill the bacteria and one drop from each tube was dropped on to lawns of indicator strain. After overnight incubation those tubes which were found to contain phage were titrated; the results are given in Table 5 . The titres from those tubes which had contained a phage particle from an alpha lysate were lower than those from tubes which had contained a particle from a beta lysate; both sets of titrations showed a scatter. (a) 1 % peptone water, (b) Lemco broth, and (c) Koser's citrate medium. After overnight incubation at 87" colony counts were made and the percentage survival rates calculated (Table 6 ). It will be noted that organisms grown in Koser's citrate medium were more sensitive to phage than those grown in Lemco broth and these, in their turn, were more sensitive than those grown in peptone water. Colonies of strain 1404 picked from a Lemco agar plate and grown for 8 hr. in Lemco broth varied in sensitivity to phage but the degree of variation was irregular on sub-culture ( Table 7) . Table 2 it will be seen that a t a high multiplicity of phage infection, a proportion of the tubes which grow shows a higher free phage titre than the rest. This proportion is about 20 yo.
On the basis of these facts it seems that a single organism exposed to phage can produce a mixed progeny of organisms, some of which are lysogenic and some of which are non-lysogenic and phage-sensitive. This seems to occur at the inception of the symbiotic state and in some 20 yo of cases. The established lysogenic culture does not behave in this way.
It is known that bacteria exposed to multiple infection by phage A1 are more likely to survive as lysogenic organisms than if they are exposed to about 1.5 phage particles/organism. Boyd accounts for this (1951, b) by suggesting that a phage beta lysate is composed of two types of particle, the alpha particle being able to produce the symbiotic state even if the organism is infected by one or more beta particles at the same time.
The results of our experiments also suggest that symbiosis is the dominant state; if an organism contacts a phage of weak lytic ability it is protected from highly active phage particles. The production of symbiosis is not due to the action of alpha particles but due to particles in the lysate with little ability to lyse the organism they invade. If the bacteria were all of the same sensitivity this would be tantamount to saying that all phage particles having less than a given lytic ability could be regarded as alpha particles and all those with greater lytic ability as beta particles. However, we have shown also that bacteria vary in their susceptibility to lysis depending on previous conditions of growth. One can therefore postulate that the establishment of symbiosis is a host-parasite relationship for each phage particle and for each bacterium the phage invades; in other words a phenomenon similar to that occurring in other forms of virus disease. It was D'Herelle (1926) who first suggested that the establishment of a symbiotic state was due to a balance of individual phage particle virulence with individual bacterial resistance and the present experiments help to substantiate this view.
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